ABSTRACT: Background: Severe spasticity unresponsive to oral drugs may respond satisfactorily to baclofen delivered intrathecally. Methods: Intrathecal baclofen (IB) therapy delivered by means of implanted infusion pumps was used for nine patients with severe spasticity. Six patients had multiple sclerosis, two cervical spinal cord injury, and one head injury. All were non-ambulatory. Results: Patients showed improvement in many areas, including ability to transfer, seating, pain control, personal care, and liability to skin breakdown. Before IB therapy, only three of the nine patients were able to live at home in the community and six were institutionalized. At the end of our follow-up period, only one patient remained institutionalized, three lived in group homes and five lived at home in the community. In the year preceding pump implantation, the nine patients spent a total of 755 days in acute care hospitals. In the year following onset of IB therapy, they spent only 259 days in hospital. Conclusions: IB therapy can improve patient quality of life and can be cost-effective in carefully selected patients with severe spasticity and disability. The drug delivery catheter is that part of the therapeutic system most vulnerable to failure. Because of the varied expertise required to manage these patients effectively, and the potential for a variety of complications, it is essential that an IB program is supported by a well-organized multi-disciplinary medical team. RESUME: Therapie par le baclofen intrathecal chez les patients avec spasticite refractaire au traitement. Introduction: La spacticite severe refractaire au traitement oral peut repondre de facon satisfaisante au baclofen intrathecal. Methodes: Nous avons administre le baclofen par voie intrathecale (BI) au moyen d'une pompe implantee chez neuf patients avec spasticite severe. Six patients avaient une sclerose en plaques, deux avaient un traumatisme de la moelle epiniere cervicale et un avait subi un traumatisme crSnien. Aucun d'eux ne marchait. Resultats: Nous avons observe une amelioration dans plusieurs domaines, dont la capacite de faire les transferts, la posture en position assise, le controle de la douleur, les soins personnels et la susceptibilite aux lesions cutanees. Avant le traitement, seulement trois des neuf patients etaient capables de vivre a domicile alors que les six autres etaient en institution. A la fin du suivi, seulement un patient demeurait en institution, trois demeuraient en foyer de groupe et cinq vivaient a domicile. Pendant l'ann£e precddant I'implantation de la pompe, les neuf patients avaient au total sejourne dans un hopital de soins aigus pendant 755 jours. Pendant I'annee qui a suivi le debut du traitement, ils ont passe seulement 259 jours a I'hopital. Conclusions: La thdrapie par BI peut am£liorer la qualite de vie des patients et s'averer economique chez un groupe de patients bien choisis, dont la spasticite et l'incapacite sont severes. Le catheter implante est la partie du dispositif qui est la plus susceptible de faire deTaut. 11 est essentiel qu'un tel programme soit appuye par une 6quipe medicale multidisciplinaire bien organised parce que la prise en charge efficace de ces patients demande une expertise diversified et qu'une grande variety de complications peuvent survenir.
baclofen testing with the temporary spinal catheter. Other team members included the neurosurgeon who did the pump implantations and catheter revisions as necessary, the anesthetist who placed the temporary percutaneous spinal catheter for drug assessment, and did the bolus injections, the physiatrist who assisted in patient assessment for the program, and who followed the patients afterwards with regard to seating and other necessary rehabilitation measures, and the program nurse who supervised the pump refill program under the direction of the coordinating neurologist.
Patient Selection
Patients over the age of 18 years with severe disabling spasticity which was not responsive to oral medications and physical therapy were considered eligible for intrathecal baclofen therapy. Patients with significant psychiatric problems, or alcohol or drug abuse which might interfere their long term care in the program were excluded. In this report, we include all nine patients who had pumps implanted in our program prior to April 1993 and who therefore have one year follow-up or more. These included six patients with multiple sclerosis (MS), two patients with spinal injury, and one patient with head injury (Table 1 ). All patients were wheelchair bound, and many could not be properly seated because of their severe spasticity. Only three patients could transfer independently, although not necessarily safely, prior to [B therapy (patients SI, S2 and M4). Two patients, one with severe multiple sclerosis and one with head injury had significant dementia. At the time of implantation, six of the nine patients were institutionalized in either chronic or acute care hospitals, primarily because of their severe spasticity and the difficulties this caused in their management. Patient age, sex and disease duration are shown in Table 1 .
The two spinal injured patients both had cervical spinal cord lesions secondary to trauma. Both had good arm function, and some preservation of sensation in the legs. S1 had no voluntary movement in the legs, whereas S2 did have some minimal preservation of motor function in the left foot. The single head injured patient had suffered post traumatic intracerebral hematomas, and showed residual diffuse cerebral atrophy. Prior to IB therapy, upper limbs were both severely flexed, the right leg was rigid and extended at the knee, but toes and feet were plantar flexed. The six patients with multiple sclerosis were all severely disabled, with very little or no leg motor function, and with marked arm weakness. Only one of the multiple sclerosis patients (Ml) showed significant dementia.
Therapeutic Trials prior to Implantation
Once a patient was selected for entry into the program, the patient was admitted to hospital, and a percutaneous spinal catheter inserted by the anesthetist. Daily bolus injections were then given intrathecally through this catheter, utilizing a bacterial filter, by the anesthetist. Injections consisted either of placebo, or varying baclofen dosages, ranging from 12.5 to 100 micrograms, with larger doses reserved for the latter portion of the therapeutic trial. The patient was assessed at hourly intervals before and after bolus injections by a neurologist blinded as to the nature of the injection. These assessments included Ashworth scores, muscle strength scores, bladder scores and spasm frequency scores. The temporary catheter could be left in place for as long as six days, and this was usually sufficient for testing to be completed. The majority of patients tested showed unequivocal dramatic relief of spasticity in response to intrathecal baclofen, as did all nine patients who proceeded to pump implantation. Several patients tested did not proceed to pump implantation. These included one patient in whom significant drug abuse became evident during her hospitalization, two patients with primarily intermittent spasms which were either not controlled adequately with the dosages used, or in whom on in-patient observation the symptoms did not appear to warrant intrathecal baclofen therapy, and one elderly man with primary lateral sclerosis in whom functional improvement was not considered adequate to warrant therapy despite relief of spasticity.
Pump Implantation
Pumps and catheters were implanted according to the manufacturers' instructions. Initially, non-programmable Infusaid a pumps were used. Later in the program however, programmable THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Medtronic b pumps were used both because they offered more flexibility in terms of easily and rapidly changing dosages, and also because by using a concentrated baclofen solution in the reservoir and by utilizing a slow pump flow rate, the interval between pump refills could be greatly extended.
Patient Assessment
All patients were followed throughout their time in the program by the pump refill nurse. This allowed for continuous documentation of changes in patient status, such as level of pain, analgesic requirements, development of decubitus ulcers, change in residence, and hospitalizations. The clinical assessments of spasticity done during the patient's initial IB trial in hospital were available for later comparison. Activity of daily living assessments were done for some patients before and after IB therapy, as were assessments of leg spasticity using the K1N-COM.
c A nursing assessment of each patient was done by the pump refill nurse using clearcut criteria such as a change in status from a two-man to a one-man transfer. This information was corroborated by the patient, and by medical personnel involved in the patient's care either from the institution involved where the patient was institutionalized, or by community health care workers. A patient satisfaction survey was also administered to all multiple sclerosis patients by the Multiple Sclerosis Clinic, focusing on a number of issues including ability to transfer, seating ability, personal hygiene, sleeping ability, mental functioning, pain control, spasticity control, and skin condition.
All complications occurring during IB treatment, including infections, the need for pump radio-contrast studies, surgical catheter revisions, pseudomeningocele repair, difficulty with pump refill, and respiratory distress were monitored by the study nurse and neurologist program coordinator.
Pump Refill Procedures
All pumps were refilled in our hospital out-patient department by our nurse coordinator, and one additional nurse who provided back-up during holidays, etc. Our nurse coordinator was trained by personnel from the pump manufacturers, and by the coordinating neurologist. The coordinating nurse was also the primary individual responsible for changing flow rates in Medtronic pumps using the computer programmer and telemetry wand. The coordinating nurse had immediate access as required to neurological, neurosurgical and rehabilitation backup.
RESULTS

Baclofen Dosage
In all nine patients, IB was able to reduce spasticity at doses which did not produce significant side effects. Maximum and current daily baclofen doses are shown in Table 1 , along with patient diagnosis and duration of therapy. In most patients, due to development of some drug tolerance, the current daily dose was also the maximum daily dose. Patient HI, our only patient with spasticity as a result of a head injury, was an exception. At 27 months after his head injury, this patient had such severe spasticity that he could not be seated adequately, and could not undergo appropriate physiotherapy. With the initiation of IB therapy, appropriate seating and physiotherapy was possible. He gradually began to improve, and eventually was able to walk with assistance. After four years of intrathecal therapy, the baclofen dosage was gradually tapered without diminishment in the patient's functional level, even though spasticity increased. Currently, the patient's pump is filled with saline, and he is undergoing observation prior to possible pump removal.
Significant drug tolerance was noted during IB therapy in most patients, leading to a gradual escalation of drug dosage. Patient drug dosages at 2, 6 and 12 months after initiation of therapy are shown in Table 2 . As can be seen, drug dosages did escalate even after six months of therapy. Although in some patients with multiple sclerosis, progression of disease may have played a part in this escalation, drug tolerance likely is a significant factor. This was not usually a major limiting factor of therapy, as drug dosage could usually be increased sufficiently without major side effects. In two patients (S2, M3), dyspnea tended to occur as baclofen dosages were increased, and in two other patients (M2, M4), burning numbness in the lower body at times limited dosage increases, but adequate control of spasticity could still be maintained. Control of Spasticity Spasticity could be relieved over the long term satisfactorily in most patients. In fact, in most patients care was taken not to abolish muscle tone completely, on the premise that complete flaccidity might predispose to venous thrombosis and that the ascending effects of high baclofen doses could result in weakness of remaining function in the upper limb and in respiration. The intermittent muscular spasms experienced by most of our patients were more difficult to control than the muscle tone per se, and it was not unusual for a patient to appear flaccid on examination, but to still complain about occasional intermittent spasms which were in some way troublesome. In these cases, an attempt was made to find a compromise dosage which would make the intermittent spasms tolerable but which not produce complete flaccidity or other side effects. This was at times difficult. In patient SI who appeared very sensitive to the sedative properties of intrathecal baclofen, it was difficult to achieve a dosage which provided entirely satisfactory relief of intermittent spasms, and which at the same time did not cause sedation. At just over one year of therapy, patient M6 also complained of significantly troublesome muscle spasms at night at a time when clinical examination of her legs during the day showed complete : Med-Ex Diagnostics of Canada Inc, 32 Voyager Court South, Rexdale, Ontario, Canada M9W 5M7 flaccidity. This problem was resolved by programming the Medtronic pump to deliver a higher drug dosage at night than during the day. Patient Ml, although obtaining significant improvement in control of spasticity with consequent improvements in seating and nursing care, never did approach ideal control of spasticity. Initially a high enough drug dosage simply could not be delivered to this patient because of the limitations imposed by the patient's fixed flow rate Infusaid pump, and the concentration of intrathecal baclofen available (0.5 mg/ml). When higher concentrations of baclofen (2.0 mg/ml) became available, his control of spasticity improved, but this patient with severe progressive multiple sclerosis with longstanding dementia, dysphagia and dysarthria developed an aspiration pneumonia which led to chronic pulmonary complications and during this prolonged illness control of spasticity remained less than optimal. Figure 1 shows the marked reduction in spasticity which was accomplished in patient SI by intrathecal therapy as demonstrated by objective testing before and during IB treatment using the Kin-Corn.
Patient Outcomes
Patient quality of life improved in many ways following the initiation of IB therapy. One of the most striking benefits of therapy was the ability to seat the patient properly in a wheelchair. In patient M6, this allowed discharge from hospital, as this patient simply could not be seated beforehand and was essentially bedridden. Function was also greatly improved in patients M4 and HI, who prior to intrathecal baclofen therapy had a greatly reduced ability to use a wheelchair because their legs could not be bent at the knee. Better seating also had great implications for skin care in many of the patients, resulting in dramatically fewer episodes of skin breakdown. In the case of patient M5, IB therapy allowed discharge after a prolonged hospitalization which had resulted in large part from skin breakdown which had necessitated skin grafting.
An example of the changes which occurred in the ability of patients to manage activities of daily living is shown in Figure 2 for patient S1, a patient who prior to therapy suffered from severe muscular spasms. This patient made gains in a number of areas as shown. Especially dramatic was the fact that this patient no longer required supervision for transfers, as this patient could transfer safely after initiation of IB therapy. He was also able to drive a motor vehicle independently and safely after treatment, and as a result could become a full time student. Table 3 shows patient outcome for a number of features in all nine patients. Patient transfers were considered to show major improvement if a two man transfer became a one man transfer, or if an unsafe transfer became a safe transfer. Major improvement was considered to have occurred in pain control based upon the patient's comments, if these were also collaborated by dramatic reduction in analgesic consumption, in most cases to 0. Major improvements were considered to occur in skin breakdown if skin breakdown ceased in patients with repeated prior episodes of skin breakdown. Most patients who did not show major improvement did so because problems like pain control or skin breakdown were not present before IB treatment (for example patient HI). As can be seen, virtually all patients showed major improvement in at least several categories. The one exception was patient Ml, who had severe multiple sclerosis, marked fixed flexion contractures, visual loss, dysphagia, dysarthria and significant dementia prior to pump implantation. The results of IB therapy would appear less satisfactory in patients with such severe underlying disease where the opportunities for functional improvement are limited.
The results of a patient satisfaction survey done by our Multiple Sclerosis Clinic on the six multiple sclerosis patients are shown in Table 4 . These basically confirm the nursing assessment. The satisfaction survey is somewhat less positive with regard to skin condition than the nursing assessment as the satisfaction survey was done eleven months earlier at a time when several patients had only recently been implanted and were still awaiting chair and seating adjustments. Worthy of note, mental function was considered to have improved significantly by many patients, primarily because they no longer needed high dose oral medication to control their spasticity. Likewise, better control of spasms and pain significantly enhanced sleeping ability. Rating Scale: 0 = no change 1 = some improvement 2 = major improvement Mean scores for all six patients are shown pre-pump and post-pump.
Figure I: The torque required (in Newton-metres) to extend the knee joint in patient SI at a constant velocity (50°/sec)from 50° flexion to 25° flexion (by KIN-COM) is shown before intrathecal baclofen treatment (left panel) and during intrathecal baclofen (right panel
Cost Analysis
Place of patient residence for our nine patients is shown in Table 5 . As can be seen, IB therapy eventually allowed the discharge of three patients (M4, M5 and M6) after prolonged hospitalizations. Control of spasticity allowed discharge to the patient's home in two instances, and to a group home in the third instance. Prior to initiation of intrathecal baclofen therapy, there seemed little chance of discharge for these patients, except perhaps to a high level chronic care institution. Two additional patients, M2 and HI, could be discharged from chronic care institutions to group homes. In the case of M2 this was after many years of chronic institutionalization. Patient M l , with severe disability from multiple sclerosis, again demonstrated a relatively poor outcome, in that this patient could not be discharged from a chronic care institution because of his other disabilities, and eventually developed severe chest complications necessitating long term hospitalization. Table 6 shows patient days in acute care hospitals for the one year period before IB therapy, as compared to the one year period after IB therapy. Hospital days related to IB testing using a temporary spinal catheter were credited to the post-intrathecal baclofen therapy year unless the patient was already hospitalized for therapy of severe spasticity or complications thereof. All hospitalizations relating to pump implantation were credited to the post-intrathecal baclofen year. As can be seen, total hospital days for the year prior to intrathecal therapy totalled 755 days, whereas in the year following initiation of therapy, hospital days for the nine patients totalled only 259. As shown in Table 7 , using $570 as the cost of one hospital day, these figures indicated an average saving of over $31,000 per patient in terms of reduction in hospital days in acute care hospitals alone. Our figures likely under estimate the real savings involved. Patients M1 and M2 had very few days in an acute care hospital in the year prior to IB therapy because both were already in a chronic care hospital, and days in chronic care institutions were not counted in our cost analysis. For patient SI, who had pump implantation within one year of his spinal cord injury, hospital days relating to the initial care of his spinal cord injury were not counted. The 42 days of pre-intrathecal baclofen therapy hospitalization considered in our cost analysis were hospital days which occurred after it was clearly documented on his chart that he could be discharged were it not for the presence of his intractable spasticity.
Balanced against this mean saving of $31,000 per patient in the year following pump implantation, is the cost of the pump and related equipment (approximately $7,000 per patient) and the cost of six to twenty-four refill procedures per patient, LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES depending upon the type of pump and the flowrate used. Each refill procedure involves costs for disposable equipment ($14.46), approximately 20-30 minutes of nursing time ($13.50), and potential drug costs (intrathecal baclofen is currently supplied without charge in Canada as use of the drug remains experimental). Our current refill costs then are approximately $30, not counting the use of out-patient space, etc. Any eventual intrathecal drug costs will be at least partly offset by the savings incurred because patients no longer require high dose oral spasticity therapy, and in many cases analgesia. Physicians costs in terms of managing these patients after implantation may well be less than those necessary to manage the patient's spasticity and complications thereof were IB therapy not initiated.
In summary, IB therapy in well-selected patients would appear to be markedly beneficial in terms of nursing assessment, patient satisfaction, and cost effectiveness.
Complications Table 8 summarizes the complications seen. No patient required pump replacement, and meningitis and other infections potentially related to the pump or catheter did not occur. Four of our patients underwent a total of eight x-ray contrast studies through injection of the pump sideport to evaluate catheter integrity. One "pump-o-gram" was therefore done for every 30.5 months of intrathecal baclofen therapy. Five of these eight studies were in fact done in patient SI, our first implanted patient and may reflect inexperience both in medical patient management and in the neurosurgical techniques. Of the eight pump-ograms, three were abnormal. Two showed catheter breakage or disruption, and the third showed retraction of the catheter from the intrathecal space. The other normal pump-o-grams were 
done because of increasing spasticity, which in retrospect was likely due to drug tolerance, and further escalation of the intrathecal baclofen dosage satisfactorily resolved the problem in most instances. Four surgical catheter revisions were done. Three of these occurred in our first patient, patient SI. Two revisions were done during the first two months of therapy in this patient, the first revision because the catheter was noted on plain x-ray to have withdrawn from the subarachnoid space, and the second because the catheter had a hole near the pump site. The third catheter revision for this patient was done over three years later, because the catheter had fractured. A catheter revision was also done in patient M4, in whom the catheter had retracted from the subarachnoid space. In total, two of our nine patients required catheter revisions with an average follow-up period of 27 months (a total of 244 patient-months of intrathecal baclofen therapy). With four surgical catheter revisions required over a total follow-up time of 244 months, statistically one of our patients could expect to require a catheter revision every 61 months, or approximately every five years. Excluding the first two months of therapy in our first patient, then only one catheter revision was required for every 121 months of therapy. With this calculation, a patient could expect to require a catheter revision approximately every ten years.
One patient, S2, noted a fluctuant swelling at the base of the spine shortly after pump implantation, and after an initial repair under local anesthesia was not successful, he underwent a successful second repair under general anesthesia.
During our follow-up period, which averaged 27 months per patient, our trained nursing staff was able to successfully perform the numerous pump refills required almost without incident. Only on five occasions did they require input from program physicians. In patient SI, on two occasions, the pump injection port could not be palpated because the patient's Infusaid pump had turned over in the pump punch, and the injection port therefore faced internally. In each instance, the neurosurgeon was able to easily flip the pump back to its original position by manual palpation through the abdominal wall without anesthesia, and the refill then proceeded uneventfully. In two patients, seromas of a significant size were present on the first post-implantation refill, which resulted in fluid aspiration from the abdominal wall prior to the pump being entered. Nursing staff therefore sought medical advice. None of these seromas were infected, pump refill could still be accomplished, and the seromas had resolved by the next refill. In one patient (H1), a seroma appeared after several years of intrathecal therapy. Nursing staff again sought medical advice, the refill was accomplished successfully, cultures of seroma fluid were negative, and the seroma resolved spontaneously.
In two patients, pumps were found to be dry at the time of refill. In patient M4, at the time of the first refill, the pump was dry. It was assumed that a smaller volume had been placed in the pump in the operating room than expected, but the pump was again dry at the time of the next refill. It was determined at this point, and later confirmed by long term observation, that this fixed rate Infusaid infusion pump in fact ran significantly faster (2.2 ml/day) than the factory stated rate of 1.17 ml/day. Once this faster flow rate was determined, more frequent refills were scheduled, and the pump has performed flawlessly ever since. As this patient's pump ran dry very early in the course of intrathecal therapy, no significant withdrawal symptoms were observed, aside from some degree of increasing spasticity. Patient M6 with a Medtronic pump abruptly developed increasingly severe spasms in arms and legs and perhaps mild confusion two months after onset of intrathecal therapy. She was hospitalized, and the pump was found to contain only 1 cc of medication solution upon refill. The pump was refilled and the patient responded quickly to baclofen boluses administered by the Medtronic pump and was discharged the next day with good control of spasticity on the same pump flow rate as programmed previously. The pump computer had read the pump as empty, and it was assumed that the flow rate had slowed with resulting intrathecal baclofen withdrawal. Two patients experienced significant respiratory distress while undergoing IB therapy. One of these, patient M4, developed laryngospasm five hours after a 100 microgram dose of IB had been given through a temporary catheter during the initial IB testing period. This patient had a history of previous attacks of laryngospasm, and had significant dysphagia and dysarthria secondary to her multiple sclerosis so that she had been eating blended foods only. She had extreme spasticity with back spasms that would cause her to slide out of her chair so that she had to wear a seatbelt in her wheelchair at all times. It was felt the laryngospasm was not related to IB injection, and she has now successfully undergone over two years of intrathecal baclofen therapy. Patient M3, a patient with severe multiple sclerosis with complete leg paralysis and marked impairment of arm function, developed increasing complaints of shortness of breath while her oral baclofen was tapered after pump implantation. Her IB dosage had been gradually increased to gain improved control of her spasticity. The cause of this patient's dyspnea was never determined. Her vital capacity had not changed significantly from before pump implantation. Tensilon testing was negative, as was pulmonary angiography. Reducing her intrathecal baclofen dose did seem to improve her dyspnea, but over the ensuing months her baclofen dosage was again increased, with better control of spasticity, but without recurrence of her dyspnea until much higher doses were reached.
DISCUSSION
The remarkable ability of intrathecal baclofen to reduce spasticity in patients with multiple sclerosis and spinal cord injury has been demonstrated, 1 
"
13 and is confirmed by our results. In most patients, complete flaccidity could be achieved if dose limiting side effects did not occur. In patient SI, sedation and difficulty with bladder emptying (the patient voided spontaneously) limited the dose that could be used, while in patient M3 with severe quadriplegia from MS respiratory muscle weakness with dyspnea was a limiting factor. Nevertheless, even in these patients very significant therapeutic gain could be made despite dosage limitations.
Baclofen is a gamma-aminobutyric acid (GABA) B receptor agonist. In the spinal cord, these receptors have their greatest density in the substantia gelatinosa (Lamina II).
14 They are also present at the synapse between the la afferent fibre and the spinal motoneurons, and at the synapse between some descending fibres and spinal motoneurons. 15 There is good evidence from animal studies that baclofen acts on GABA B receptors on the presynaptic nerve terminals of la afferent fibres to reduce the probability of transmitter release without changing the size of the action potential in the presynaptic nerve terminal. 1516 There is however also some evidence in humans that IB may inhibit the spinal H reflex through post-synaptic mechanisms. 17 Alternatives to IB for treatment of spasticity include oral baclofen, but for patients with severe spasticity, sufficient spinal cord levels to control spasticity frequently cannot be achieved without intolerable brain-related side effects. In contrast, lumbar intrathecal drug administration allows the achievement of high drug concentrations at the lower spinal level, with a rapid fall off of drug concentrations more rostrally. 18 When baclofen is administered in this way, the cisternal CSF drug concentration is only 24% as high as in the lumbar CSF. 19 Intrathecal morphine has also been used for treatment of severe spasticity, 20 but has been generally replaced by the more effective IB. One of our patients (M2), received intrathecal morphine for several years with some benefit prior to initiation of IB therapy, but IB proved much superior. Surgical options for the treatment of severe spasticity include dorsal longitudinal myelotomy 21 and selective functional posterior rhizotomy. 22 Both require extensive laminectomies, and many patients with some residual lower spinal cord function flatly refuse destructive neurosurgical procedures. This was the case for all our study patients. Oral benzodiazepines and dantrolene are also used, but in patients with severe spasticity will often cause intolerable side effects without adequate relief of spasticity.
Our clinical results are comparable to other series. A large recent series by Coffey et al. 10 concluded that IB is a safe and effective treatment for intractable spasticity. Their complications were similar to our series, except that in their larger series some infections, some skin problems over the pump site, and some mechanical pump failures occurred.
An important question is how much the improved control of spasticity contributed to the overall well-being of the patient both in terms of comfort and improved function, and at what cost both medically and economically this improvement was obtained.
Our nursing assessment and patient satisfaction surveys indicated that significant gains were made by most patients in at least several areas. Especially improved were the patient's ability to transfer or be transferred safely to and from their wheelchair, and the ability to seat the patient adequately in a wheelchair so that a patient could go about his or her business without threat to skin and without danger of being hurled from the chair by spasms. However, many other areas were significantly impacted as well, ranging from pain control and sleeping ability to improved personal hygienic care. Patients with severe spasms who were limited to bed bath previously, or required four attendants to transfer them to a bathtub could after IB therapy be easily and safely bathed by one attendant using a mechanical lift if necessary. Dressing likewise could be done much more easily and safely. As patients came off massive doses of oral baclofen and other drugs, mental status often improved dramatically, and some multiple sclerosis patients who had been known for several years as rather dull and morose became witty and vivacious.
These documented improvements were substantiated by an analysis of patient place of residence. Whereas prior to IB therapy only three patients lived in the community, and none of the rest appeared to have any prospect of leaving institutional life, after one year after initiation of IB therapy, five lived at home and one more was able to move into a group home. With longer follow-up, all but one of the nine patients was able to leave institutional care.
At what costs were these gains made? For the patients, there is no question that they are at risk for serious complications. Consistent with the literature, infections were not a major problem, although the potential is always there. Contamination of implanted pumps through contaminated drug solutions has been reported." In contrast with some earlier reports with earlier pump models," the pumps available now and used in our study appear to perform almost flawlessly. Our one exception was an lnfusaid pump which, although it functioned well, ran at almost twice its factory specified flow rate.
Drug withdrawal due to sudden interruption of intrathecal drug delivery can be a significant problem. Abrupt withdrawal of IB can lead to increased spasticity, disorientation and seizures. 23 One of our multiple sclerosis patients (M6) did develop very significant symptoms when her pump ran dry, with confusion and severe muscle spasms. Although not considered life threatening in her case, such symptoms could likely become life threatening if severe spasms occurred in a more fragile patient with limited respiratory reserve, or if seizures develop. If personnel to refill the pump or investigate the patient for possible catheter rupture are not immediately available, providing that intrathecal baclofen solution is available in the hospital pharmacy, a bolus injection of baclofen given by lumbar puncture should be considered to control serious withdrawal symptoms for several hours until the appropriate personnel can be mobilized. The surgical procedures required were not extensive, and for most patients could be easily performed under local anesthetic. In our experience, the drug delivery catheter has proved to be the most unreliable part of the therapeutic system, and this is consistent with the observations of others. In one of the largest published patient series, 10 22 catheter malfunctions occurred in 18 patients out of a total patient series of 75 patients with a mean of 19 months follow-up. Catheter rupture is also the main unpredictable factor which puts patient at risk for sudden drug withdrawal. Development of more reliable catheter systems is urgently needed.
If catheter rupture is suspected, confirmation is helpful prior to surgical exploration. For this purpose we have utilized injection of Omnipaque 240 radiopaque contrast medium through the pump sideport to outline the catheter. Catheter ruptures are evident as dye extravasation from the catheter at the site of breakage, and good entry of dye into the intrathecal space confirms the catheter system is intact. A major concern with this technique is that if the catheter system is intact, a large dose of baclofen can be flushed into the intrathecal space. If the catheter is filled with concentrated solution, this could result in a significant overdose. Withdrawal of 1-2 ml of CSF from the pump sideport prior to injection of dye should clear the catheter of drug, and prevent inadvertent overdose. If however, CSF cannot be withdrawn through the catheter, a baclofen overdose through flushing of the catheter remains a possibility, and the patient requires careful observation after the procedure. Finally, if the catheter has been emptied of drug and then flushed, and proves to be intact, it will take some time depending upon the pump flow rate for drug from the pump to again enter the CSF space, so drug withdrawal could occur. This can be addressed by refilling the
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catheter with fluid containing baclofen through the pump sideport after the procedure, and the initial fluid withdrawn from the sideport prior to catheter flushing could be used for this purpose. Alternatively, if the patient has a Medtronic pump, fluid boluses could be delivered by the pump to refill the catheter quickly with drug containing fluid from the pump reservoir but for this the volume of the catheter needs to be known, and careful observation of the patient is important.
In two of our patients, S2 and M3, dyspnea was the major dose limiting factor in determining the maximal intrathecal drug dose tolerated. Such observations raise concern about the adequacy of coughing and predisposition to pulmonary infections. These concerns may have become a reality only in our most severely disabled patient, Ml, who also had other factors predisposing to chest infection. A respirologist interested in neuromuscular diseases would be a useful addition to any IB program which deals with markedly disabled patients.
There are several additional patient concerns. Several of our patients developed some degree of back discomfort and scoliosis secondary to relaxation of paraspinal muscles. This could be successfully dealt with by adjusting the patient's seating and adding lateral supports to the wheelchair. Our spinal injured patients however preferred to put up with their symptoms and continued to use a light-weight low-backed wheelchair.
Although IB has been reported to improve bladder function, 2425 and an occasional patient of ours (M2), reported improved bladder emptying, it was more common for our patients to complain of poor bladder emptying. In one of our patients, M6, this necessitated the introduction of intermittent catheterization. Further impairment of bladder emptying in these patients may predispose to more frequent urinary tract infections, and the introduction of intermittent catheterization can be difficult if patients do not have sufficient hand function to perform intermittent catheterization themselves. Improvement in voluntary muscle activation has been reported after IB therapy, 26 but we did not see clinically significant improvement in upper limb function in our patients. In patient M5, who had marked spasticity of the upper limbs, some improvement may have been observed at high drug doses, but these could not be maintained because of sedation. In this patient, upper limb function was therefore not improved long term, but lower limb spasticity remained under excellent control at well tolerated baclofen doses. Our economic analysis of IB very much supported the use of IB therapy in well selected patients as outlined in the results section. The ability to move patients from institutions back to the community emphasizes this point. The prevention of decubitus ulcers because the patients could now be seated properly, and the ability of IB therapy to decrease the level of help the patients needed for self care were important factors. For patients SI and S2, the ability to drive independently and safely allowed them much more independence, and was very helpful in facilitating their further education. According to our analysis, the cost savings in the first year of IB therapy due to less hospitalization more than pays for the pumps and the other costs of the IB program. After an average follow-up of 27 months, these benefits still appear to be maintained. Our experience with patient M1 however, would suggest that treatment of patients with multiple sclerosis with dementia and severe disability unrelated to limb weakness and spasticity may be less cost effective. The occurrence of major complications such as sepsis could also strongly reduce cost effectiveness, so that the cost effectiveness of the program rests on careful patient selection and the ability of the program to prevent or avoid major complications. For success, IB programs need to develop expertise in a number of areas. The first is patient selection. As this is a long term treatment program which depends on patient cooperation, the need to exclude patients who are uncooperative, abuse drugs or have major psychiatric problems is obvious. For our patients with spinal injury, the elimination of severe involuntary muscle spasms has been the major factor in making these patients more functional by allowing safe self-transfers and safe driving. For our multiple sclerosis patients, our most successful results have occurred in patients who, prior to therapy, could not be seated because of spasticity, who suffered skin breakdown as a result of spasticity and seating difficulty, who had marked pain with their spasms, but who maintained good mental function and had relatively minor disability related to central nervous system structures above the neck.
Our program included only one head injured patient who was entered into the program because his rehabilitation was at a complete standstill 27 months after head injury because of spasticity. Once IB therapy was started, this patient's physiotherapy and rehabilitation program progressed rapidly, the patient eventually became ambulatory with assistance after many months, and no longer required hospitalization. Functional recovery was limited however by very significant dementia. It is difficult to draw conclusions on the basis of one patient, but in patients with head injury and significant intellectual loss, IB therapy should probably be used cautiously, and indications need to be developed. It is of interest that our head injured patient was the only patient in whom the intrathecal baclofen was eventually tapered after over three years of therapy, and pump removal is now being considered.
With regard to program organization, we have several observations. Firstly, dedicated and trained nursing personnel can very successfully perform the pump refills with a minimum of physician supervision, provided that drug orders are discussed and potential problems are reported to the physician team immediately. Secondly, it is mandatory to have strong rehabilitation input into an IB program. As an example, seating requirements change quickly as IB therapy is started, and major changes in patient equipment are required. Thirdly, neurological and neurosurgical backup must be available, as these severely disabled patients can develop medical problems, IB therapy related or otherwise, any time day or night. Especially problematic here is the problem of catheter rupture. For these non-ambulatory patients, the non-programmable pump such as the Infusaid pump is often sufficient, as frequent changes in dosage are not necessary, and these pumps offer the possibility of many years of service without requiring replacement. While the programmable Medtronic pump does require replacement approximately every five years because of battery rundown, this pump offers much greater flexibility in terms of rapid dosage adjustment using telemetry through the abdominal wall. Also, with the use of concentrated baclofen solution, the pump can be run very slowly, so that refills are required less frequently, even as infrequently as every three months if the patient's dosage requirements are not high. Because dosage adjustments can be made easily, even in the immediate post-operative period, the patient's dosage can be titrated rapidly to symptoms, and earlier hospital discharge may be possible. The non-programmable pump in contrast requires a pump refill with change in drug concentration if the dosage needs alteration, as the pump flow rate is fixed. This can be a problem, especially in the early post-operative period.
In conclusion, IB can improve patient quality of life, and can be a cost effective therapy. Careful patient selection is essential, and the drug catheter is that part of the system most vulnerable to failure. Because of the potential for complications, initiation of IB programs should not be undertaken lightly, and for a successful program it is mandatory that a well organized multi-disciplinary team be in place.
Note added in Proof: Since submission of our manuscript, another cost analysis of patients treated with intrathecal baclofen has been published (P Nance et al. Can J Neurol Sci 1995; 22: 22-29). These authors found a savings per patient of approximately $16,000 per year as a result of reduced hospital in-patient days in the two years post-pump implantation compared to the two years pre-implantation. These savings then would again more than cover the costs of the infusion pumps which are not included in these figures.
